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Abstract

Introduction

Cellular attachment has been suggested to be highly
influenced by the micromorphology of the substratum
surface. To test this hypothesis, smooth and microtextured silicone substrata were produced, which
possessed parallel surface grooves with a groove and
ridge width of 2.0 (SilD02), 5.0 (SilD05), and 10 JLm
(SilD10). Groove depth was approximately 0.5 JLm.
After culture of rat dermal fibroblasts (RDFs) on these
substrata for 3 and 5 days, the samples were prepared
and sectioned for transmission electron microscopy with
a specially developed preparation technique. On the
SilD02 and SilD05 surfaces, it was found that the RDFs
attached to the ridges of the surface pattern and did not
contact the bottom of the surface grooves. In some
instances cell protrusions extended into the grooves, but
none of these cell extensions were found to contact or
attach to the bottom of the microgrooves. Focal adhesion
points were observed on the ridges of the surface
patterns. In contrast, on the SilD10 substrata focal
adhesion points were observed on the surface ridges as
well as in the surface grooves. Furthermore, close
examination of the cytoskeletal structures suggested
orientation of the filamentous cytoskeletal components
parallel to the surface grooves on the SilD02 and SilD05
surfaces, which might be related to observed overall
cellular alignment along parallel surface grooves.

Various research reports have been published on the
effect of microtextured surfaces on many cellular
processes such as morphology, orientation, attachment,
differentiation, DNA/RNA transcription, cell metabolism
and protein production [4-7, 13-16, 24, 26-28]. In
addition, it has even been suggested that surface
microtexturing could benefit the clinical success of skin
penetrating devices by prevention of epithelial downgrowth [5, 7, 9], and of subcutaneous implants by
reduction of the inflammatory response [8] and fibrous
capsule formation at the implant-tissue interface [10].
After a review of the literature on this topic, it is
possible to deduce that the changes in cellular response
originate at the interface between the microtextured
surface and the contacting cells or tissues. However, it
is not sufficient to examine the interface exclusively.
Information concerning the conditions and mechanisms
relevant to cell-substratum reactions can also be obtained
from the degree of differentiation of the cells attached to
this substrate, as well as the presence and orientation of
cytoskeletal filaments [24]. Therefore, a detailed study
on the morphology of cells cultured on microtextured
implant surfaces seems justified.
Although new techniques, like confocal laser
scanning microscopy (CLSM) and digital three dimensional reconstruction, have made other approaches
possible, transmission electron microscopy (TEM) still
seems to be the appropriate choice for this particular
type of research. For example, the resolution and
magnification factor of CLSM are relatively low and 3D
reconstruction of complex structures is not yet fully
developed and applicable [11]. On the other hand, TEM
studies of the biomaterial/cell interface are often
impeded by difficulties such as obtaining intact ultrathin
sections without disruption of the bond between the
substratum and the cells. This problem can be solved by
selecting the proper technique of sample preparation. In
view of this, several solutions have been found in the
past for the TEM examination of metallic [3, 19] and
ceramic [19] implants. However, in our studies we use
silicone rubber replicas of microtextured silicon moulds
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Table 1. Dimensions of the micro-events on the silicone rubber substratum surface as measured by AFM.
Surface

Gd (J.tm)

Gw (J.tm)

Rw (J.tm)

SilDO
SilD02
SilDOS
SilD10

0.02
0.45
0.45
0.46

1.71 (0.69)
4.65 (1.22)
9.58 (0.87)

1.68 (0.48)
4.98 (0.96)
9.77 (0.76)

(0.06)
(0.92)
(0.69)
(0.63)

The standard deviation (un- 1) is given in parentheses. Gd: groove depth, Gw: groove width, Rw: ridge width.
to investigate the effects of parallel surface microgrooves
on the cellular behavior [13-15]. Due to the specific
properties of these replicas, TEM sample preparation
presents many problems. For example, silicone rubber
does not allow specific dehydration procedures or use of
several resin agents. In addition, ultrathin sectioning is
impossible because of the elastic and thermodynamic
properties of this elastomer.
Therefore, the aim of this study was to develop a
technique that allows TEM observation of cells incubated on (microtextured) silicone rubber substrates, and
to use this method to study the interaction of primary
culture rat dermal fibroblasts (RDFs) with the grooves
and ridges on these substrates.

Materials and Methods

NY). Subsequently, these substrata were rinsed, cleaned
ultrasonically for 30 min in a 1% Liquinox solution,
given two 15 min ultrasonic rinses in distilled, deionized
water and a Soxhlet rinse for 12 hours in distilled,
deionized water. Finally, these experimental substrata
were prepared for cell culture purposes by radiofrequency glow discharge (RFGD) treatment (PDC-3XG,
Harrick, New Yok, NY; Argon, 0.15 Torr, 5 min). The
quality and dimensions of the micro features on the
substrata were investigated by scanning electron
microscopy (SEM) (JEOL 6310; JEOL, Tokyo, Japan)
at 20 kV and atomic force microscopy (AFM) (Polaron
SP 300; Biorad, Hercules, CA). The dimensions of these
grooves can be found in Table 1. An example of the
appearance of a micro-textured surface can be found in
Fig. 1.

Production and characterization of the microtextured
substrates
Surface textured experimental substrata were
produced by first making silicon oxide moulds in a class
100 clean room using photolithography [30, 31]. In
short, these mould surfaces were produced by coating
silicon oxide masks with high reflective chrome, after
which the chrome was coated with a thin (0.5 JLm) layer
of positive photoresist (PR). Subsequently, the PR was
exposed and developed, uncovering the underlying
chrome, which was etched. Finally, the unexposed PR
was stripped off, thus creating a parallel groove pattern
with grooves of 0.5 JLm deep. The mould was then
covered with an additional layer of PR and hardened by
baking for 30 minutes at 150°C.
The substrata for in vitro purposes were obtained by
covering the moulds with polydimethylsiloxane (silicone
elastomer MDX 4-4210, Dow Coming, Midland, MI),
thus producing negative surface replicas, which
possessed parallel surface grooves with a groove and
ridge width of 2.0 (SilD02), 5.0 (SilDOS), and 10 JLm
(Si1D10), respec-tively. Groove depth was approximately
0.5 JLm. After polymerization, these silicone rubber
castings were removed, cut into their appropriate
circular shape and size (175 mm2 ), and washed manually
in a 10% Liquinox solution (Alconox Inc., New York,

Cell culture
Ventral skin grafts taken from male Wistar rats
(100-200 g) were used for harvesting rat dermal
fibroblasts (RDFs). After dissociation, these cells were
incubated (37°C, 5% C0 2 - 95% air) in MEM (Minimal
Essential Medium) with Earl's salts and with Lglutamine (Gibco, Paisley, UK) supplemented with 10%
(v/v) heat-treated fetal calf serum (Gibco), 2.5 JLglml
amphotericin B (Gibco) and 50 JLglml gentamicin
(Gibco) . Following approximately 3 days of culturing,
the RDFs were rinsed with phosphate buffered saline
without magnesium and calcium (PBS; 0.1 M; pH 7 .2),
supplemented with 5 JLglml amphotericin B and 100
JLglml gentamicin to remove non-attached cells. Upon
confluence, the RDFs were detached by trypsinization
[0.25% (w/v) crude trypsin and 1 mM EDTA (ethylenediaminetetraacetic acid) (pH 7 .2)] and resuspended at a
lower cell concentration in fresh growth medium. The
fifth generation of these cells was used for incubation on
their microtextured silicone substrata after identification
of the cells as (myo)fibroblasts by phase contrast
morphology analysis [17].
After the smooth and microstructured substrata had
been positioned in the culture wells of 24 well plates
(Greiner, Alphen aan de Rijn, The Netherlands),
approximately l.Ox104 viable RDFs per ml were added
32
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using a graded ethanol series and covered within a 50%
(w/v) epoxy resin (Epon) - 100% ethanol solution for at
least 2 hours. Subsequently, this solution was replaced
by 100% Epon and left to polymerize for 24 hours at
60°C. Following polymerization, the Epon covered
silicone rubber samples were soaked in ethyl acetate
(Merck) to facilitate the removal of the silicone
substrates. After removal of the silicone, some semi thin
sections were cut of these Epon blocks, which contained
the RDFs and a cast of the microgrooved silicone
surface. These sections were stained with toluidine blue
in order to determine the original groove orientation of
the substratum surface. Thereafter, these Epon casts
were reembedded in Epon, and ultrathin sections perpendicular or longitudinal to the surface grooves were cut
on a Reichert (Vienna, Austria) OMU-3 ultramicrotome
with a diamond knife (Drukker International, Cuijck,
The Netherlands). Sections were collected on Formvarcoated copper grids and stained with saturated uranyl
acetate [33] for 20 min and lead citrate [25] for 10 min,
to enhance contract. All specimens were observed with
a JEOL (Tokyo, Japan) 1010 transmission electron
microscope at 60 kV.

Figure 1. SEM micrograph showing the surface of a
silicon rubber substratum with grooves and ridges of
10.0 J.tm (1 division = 10 J.tm).

Results
Transmission electron microscopy of the RDFs on the
microtextured surface
Figures 2-11 show transmission electron
microscopical images of the RDFs on smooth (SilDOO)
and microtextured (SilD02, SilDOS, SilD10) substrates.
Although the silicone substrata were removed during the
preparation of the samples, differences in electron
density showed their former location. Furthermore, a
narrow, electron dense film with a thickness varying
between 8 and 36 nm separated the supra-substratum
compartment and the compartment that was formerly
occupied by the microtextured silicon substrate. This
layer was seen in all TEM images, and probably existed
of absorbed proteins.
On the smooth substrata (Figs. 2-4), RDFs were
seen to grow in multilayers. Except from the electron
dense layer at the interface between the supra-substratum
compartment and the substrate, no extracellular matrix
(ECM) material in the form of collagen fibers was
observed. The fibroblasts, attached to neighboring cells
or to the substrata (Fig. 2) showed a normal distribution
of endoplasmic reticulum and mitochondria. Often it was
seen that the RDFs avoided extensive membrane contact
with the substratum surface and formed small protrusions, which contacted directly with the substratum
surface (Fig. 4). These protrusions varied in size (200600 nm) and seemed "to lift" the main cell body from
the surface of the substrate.

Figure 2. TEM micrograph of an RDF on a smooth
(SilDOO) silicone rubber surface (bar = 200 nm; S:
substratum) . The arrow points to a focal adhesion point,
which attaches the cell to the underlying silicone surface.
The cell possesses a normal appearance. No fibrillar
ECM material was found.
to each substrate. The cells were incubated on a specific
substratum for 3 and 5 days (37°C, 5% C02 - 95% air)
under static conditions. Growth medium was changed
every two days.

Transmission electron microscopy (TEM)
At the end of the incubation period, the cultures
were rinsed with PBS to remove non-attached cells, and
fixed with 2% glutaraldehyde (Merck) in 0.1 M
phosphate buffer (pH 7.3) for 2 hours at 4°C. After
fixation, the samples were rinsed twice with 0.1 M
phosphate buffer for 30 min and postfixed with a 1 %
Os04 (Merck) - 0. 1 M phosphate buffer solution for 1
hour. The substrata with the RDFs were then dehydrated
33
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Figure 5. TEM micrograph of a fibroblasts on a
substratum with 2.0 I-'m grooves (SilD02; bar = 1.0
J.tm; S: substratum). The cell does not contact with, or
attaches to the bottom of the surface grooves.

Figure 3. High magnification TEM image of a mature,
focal adhesion point (bar = 100 run; S: substratum).
Except from the adhesion point, the electron dense layer
(arrow) is clearly visible.

\

s
Figure 6. TEM micrograph of a perpendicular section
of fibroblasts on a SilD02 surface (bar = 500 run; S:
substratum). The dense areas indicating the presence of
(immature) focal adhesion points (arrows) are located at
the edge of the surface ridge.
Figures 5-7 show micrographs of RDFs incubated
on 2 I-'m grooved (SilD02) surfaces. The fibroblasts on
these substrata attached exclusively to the ridges, and
were seen to bridge the intermittent spaces of the surface
grooves (Fig. 5) . Although the slope of the ridges was
gradual and the grooves possessed a wavy appearance,
the cells did not contact the bottom of the grooves. In
some instances cell protrusions extended into the
grooves, but none of these cell extensions were found to
contact or attach to be bottom of the surface grooves.
Cell attachment to the surface ridges was observed
regularly. An example is the RDF in contact with the
substratum in Fig. 6, which possessed two dense areas
on the two opposite sides of the surface ridge. Close

Figure 4. TEM image of multiple cell layers on a
SilDOO substratum (bar = 100 nm; S = substratum). A
cell protrusion (arrow) seems to limit contact of the cell
with the substratum surface.
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Figure 8. TEM image of an RDF on a 5.0 ~m grooved
silicone rubber surface (SilD05; bar = 200 nm),
showing a surface ridge (R) and the slope (S) leading to
the bottom of the surface groove. Except from the dense
plaque near the ridge edge, more focal adhesion points
were seen towards the center of the ridge area (arrows).

Figure 7. Detail of an immature focal adhesion point
(arrow) forming at the edge of a ridge of a SilD02
substratum (bar = 200 nm; S: substratum).
observation at higher magnification showed that (prestages of) focal adhesion points tended to centrifugal
attachment to the surface ridges of the SilD02 surfaces
(Figs. 6 and 7).
Focal adhesion points were also observed in RDFs
on the SilD05 and SilD10 substrates. Although these
cells also attached to the ridges, close to the slope that
separated the ridge from the surface groove, additional
focal adhesion points were seen towards the center of the
ridge area (Figs. 8 and 9). Furthermore, RDFs on the
SilD10 substrata were occasionally seen to attach to the
bottom of a surface groove (Fig. 9).
ln the sections made of the RDFs on the SilD02 and
SilD05 substrata perpendicular to the surface grooves
(Figs. 5-8), no cytoskeletal structures could be observed
that corresponded with the observed dense plaques.
However, if the samples were not sectioned in a perpendicular but in a longitudinal direction, parallel to the
surface grooves, filamentous structures were seen near
the cell membrane (Fig. 10). Furthermore, focal adhesion points and close contacts were seen with a higher
frequency in these longitudinal sections than in the

perpendicular sections, although this was only the case
if a surface ridge was captured in the longitudinal
section. This was in contrast with the (ridge) sections of
the SiD10 substrates, which showed focal adhesion
points, close contacts, and cytoskeletal filaments in both
perpendicular and longitudinal sections (Fig. 11).
Finally, no fibrous ECM material was found in either
the perpendicular or the longitudinal sections of the
smooth and microtextured substrates.

Discussion and Conclusions
Our results demonstrate that the described method
allows the preparation of ultrathin sections of cells
cultured on (microtextured) silicone rubber substrata.
Although ultrathin sections, containing both cells and
substratum is of course desirable, our technique offers
a possibility to harvest TEM sections with a very limited
effect on the sample and the quality of the sections
35
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\

Figure 10. TEM image of a longitudinal section of an
RDF on a SilDOS substratum (bar= 200 nm). The
filamentous structures near the cell membrane suggest
orientation of the cytoskeletal components of the
fibroblast on this microtextured surface.

\

\

\
\

\
\

Figure 9. TEM micrograph of fibroblasts on a 10 J.tm
grooved silicone surface (SilD10; bar = 200 nm). Focal
adhesion points are present on the edge, and more
towards the center of the surface ridge (R). In addition,
a contact of a cell extension with the bottom of the
groove (G) can be seen (arrow).
Figure 11. TEM micrograph of a longitudinal section of
an RDF on a SilD10 surface (bar = 1 JLm). Multiple
cellular attachment sites (arrows) can be seen on the
surface ridge (SR).

made. The ability of an apolar lipid like ethylacetate to
detach the silicone substrata from the Epon is based on
the distribution of ethylacetate at the interface between
the silicone substrata and the Epon through capillary
force. As a result, ethylacetate increases the distance
between these two components, thus reducing the van
der Waals forces that bind the Epon to the silicon rubber
substrata. This process transpires without affecting the
integrity of the Epon and its contents. Because the Epon
polymer matrix is more closely packed and possesses
more covalent bond chain cross links, the effect of
ethylacetate on Epon is negligible. This is in contrast
with the effect of ethylacetate on silicone rubber, since
silicone swells because of the penetration of ethylacetate
in the polymer chain matrix.
Focal adhesion points have been recognized as the
points of adhesion of fibroblasts and their substratum [ 1,
2], and have been studied extensively. A number of
studies has revealed that particular ECM proteins such

as fibronectin [29, 32], vitronectin [32], laminin [22],
fibrogen [34], and even collagen [18] collaborate in the
process of cell attachment and cell movement. It is
possible, that the electron dense layer that was observed
(Figs. 2-11) consisted of these absorbed proteins. Future
investigations with other techniques such as confocal
laser scanning microscopy (CLSM) could reveal the
intricate interaction of the attachment mechanisms of the
cells contacting this protein layer.
The formation of protrusions, as shown in Fig. 4
has also been observed in a TEM study by Meyle et al.
[22]. In agreement with Meyle and co-workers, we
found that the cells did not make contact with the bottom
of the grooves, and appeared to attach to the ridges of
36
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the surface patterns (Figs. 5-8). These specific attachments of the cells to the surface ridges were also
observed by Meyle et al. [22, 23] and in our previous
studies [15]. For example, using fluorescence microscopy, Meyle et al. [23] demonstrated that gingival
fibroblasts cultured on microgrooved silicone rubber
substrata possessed vinculin-positive focal contacts that
were localized specifically to the ridges of the surface
pattern [15]. On the other hand, Meyle et al. [22] also
described many •grip-like • protrusions with the surface
ridges. Consequently, they concluded that such an intimate interdigitation of the cell body with the surface
contours would increase the shear strength up to the
point of cell rupture. Such protrusions were not observed in our TEM study. An explanation could be that
the surface profile of the surface ridges in our study was
significantly different (rounded) from that used in the
experiments of Meyle et al., who used rectangular
profiles. In sum, all these studies lead to the conclusion
that the ridges(~ 5.0 JLm) of the surface pattern seem
to be the preferential sites for cell attachment. Although
the effect causing the specific localization of the focal
adhesion points is still not clear, this conclusion supports
the hypothesis of Clark et al. [12]. They suggested that
the altered cell-substratum interactions are based on the
resemblance of these surfaces with the fibrillar extracellular matrix.
Finally, for the cells cultured on the SiiD02 and
SilDOS surfaces, microfilaments were observed only in
the longitudinal sections of these substrata. In contrast,
cytoskeletal components were observed in both longitudinal and perpendicular sections made of the RDFs on
the SiiD10 surfaces. This observation suggests an
alignment effect of the 2.0 and 5.0 JLm ridges on the
cytoskeletal components. This is in corroboration with
our earlier findings on similar surfaces with different
microscopic techniques [14, 15]. Although it has been
suggested that orientation of the cytoskeletal components
is responsible for cellular alignment along surface
microgrooves [24], further investigations are required to
clarify the role of the cytoskeleton.
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Discussion with Reviewers
Reviewer 1: Can the authors explain why cells do not
enter the smaller grooves (2 and 5 p.m) whereas they do
grow into the 10 p.m groove?
Authors: In spite of the fact that several publications
and some excellent reviews have reported on the effects
of microtextured surfaces, little is known about the exact
mechanism whereby surface topography exerts its
effects. Several theories have been suggested, however.
First, it has been hypothesized that wettability plays a
role in these phenomena. A microtextured surface could
posses local differences in surface free energy, which
promote a specific deposition pattern of the substratumbound attachment proteins. In addition, the spatial
arrangement of the adsorbed proteins and the confirmation of these proteins would be influenced by the
substratum surface properties. Second, it has been
suggested that the specific geometrical dimensions of the
focal adhesion plaques force a cell on a surface with
small grooves and ridges to orient itself parallel to these
ridges. This hypothesis is based on the observation that
a minimum length of 2.0 p.m is required for focal contacts to establish adhesion. This implies that, if the ridge
width increases, multiple vectors of adhesion plaque
orientation are possible, enabling less oriented cell
attachment. Finally, a third hypothesis supposes that the
orientation and alignment of cells on microtextured
surfaces are a part of the cellular efforts to reach a
biomechanical equilibrium. This phenomenon has, e.g.,
been described extensively in the so-called tensegrity
models. According to these models, it is possible that
the anisotropic geometry of substratum surface grooves
and ridges establishes stresses and shear-free planes that
influence the direction of microtubule and microfilament
growth in order to create as force economic situation.
Given the currently available information, it is
impossible to express which, if any, of these hypotheses
is undeniably true. However, if we hypothesize on the
basis of the results of this study, additional results of
studies performed in our laboratories, and findings of
other investigators, we are able to make some deductions
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using hypotheses 1 and 3. These theories, together with
the fact that several investigators have found that
fibroblasts exert traction on the scaffold/matrix they are
cultured on or in, respectively, could explain why the
cells on the 2.0 and 5.0 gratings do not contact the
bottom of the surface grooves. Since the fibroblasts
seem to attach specifically to the surface ridges, these
cells will attempt to "pull the ridges towards each
other". The traction that is created will result in a force
distribution along a straight line, between the ridges a
cell is attached to. As a result the cell will be stretched
between the ridges like an elastic band between two
distant points. The fact that the fibroblasts on the 10.0
I-'m gratings do contact the bottom of the grooves could
mean that the distance between the ridges is too large for
these cells to generate the necessary force to successfully
"lift" the cell body out of the grooves. Such a sequence
of events, if true, could also explain observed
differences in orientation of different cell types on
identically microgrooved surfaces, since generating
traction to maintain matrix integrity is a specific task of
fibroblasts. However, it has to be kept in mind that this
is only a hypothesis and that further research is required
to validate this hypothesis.

have described this phenomenon, i.e., "rugophobia" and
"rugophilia •. However, since no differences between the
texture of the ridges and the grooves were detected, this
does not apply here.
Reviewer V: Which results have shown that ridges are
more attractive for cell attachment?
Authors: The question, as presented, suggests that the
cell displays a specific preference for attaching to either
surface grooves or surface ridges. However, as mentioned before, we suggest that the attachment of the cell is
also governed by extracellular factors like extracellular
matrix protein distribution under influence of the surface
wettability and the biomechanical equilibrium inside the
fibroblast. In our opinion, these and other factors persuade the cells to attach to the ridges instead of to the
bottom of the grooves. The localization of the focal adhesion points on the ridges seems to support this
approach.
Reviewer ll: Could it be that the ridges ( < 5 I-'m)
physically restrain the cells to attach to them, which then
causes alignment of the cytoskeletal component, whether
the cell as a whole is aligned to the groove or not?
Authors: This indeed is suggested in one of the hypotheses we mentioned above. Furthermore, we observed
in more recent CLSM results that the vinculin containing
focal adhesion points are oriented parallel to the surface
grooves < 5.0 I-'m. In addition, we observed that the
fibroblast stress fibers possessed angles of orientation
similar to the orientation of these vinculin-containing
focal adhesion points. This corroborates the findings of
other investigators. In our opinion, the orientation of
these intracellular components is the starting point
which, together with the locomotion of the cell, induces
the elongated, oriented shape of the cell as a whole. This
idea is corroborated by earlier observations that show
that cells on microgrooved surfaces are not oriented/elongated after establishing cell-cell contacts.

Reviewer ID: The etching process could result in a
surface with a topography different (i.e., rough) from
that of the non-etched surface. Thus, the bottom of the
grooves where the etching took place could have a
different texture as compared to the ridges. Have the
authors checked the detailed topography of the ridges
versus grooves in all the different surfaces? Could this
possible difference in topography cause different attachment behavior of fibroblasts?
Authors: During this and o:ur earlier studies, silicone
oxide wafers were used to act as moulds for the silicone
rubber casts. Silicon is known and used widely because
of the orientational planes of its crystal structure.
Etching of the silicon produces smooth etching surfaces
that since etching is performed along the crystal planes.
These predictable etching qualities have made silicon the
most widely used material for producing surface microstructures. Etching patterns into other materials with
different crystal arrangements, however, could indeed
result in rough surfaces after etching as pointed out by
the reviewer. In addition, AFM inspection during this
and earlier [14, 15] studies have shown that no detectable differences in roughness could be measured
between the top of the ridges and the bottom of the
grooves of our casted silicone rubber substrata. This is
also ·demonstrated by the SEM micrograph of the substratum surface in Fig. 1. The reviewer is, however,
correct to assume that differences in roughness result in
differences in fibroblast behavior. Many investigators

J.M. Schakenraad: If the ridges did not orient the cells
as a whole, but only the sites of adhesion, did they have
an effect on orientation of the cell skeletal components?
Authors: As we mentioned above, we observed in
recent CLSM observations that the focal adhesion points
and the stress fibers both possessed comparable angles
of orientation. In our opinion, this suggests that the cue
for orientation is transferred from the sites of adhesion
to other intracellular components like, e.g. , microfilaments and microtubules. This, together with cell
locomotion, could be responsible for the overall orientation of the cell. Again, we have to stress that this only
applies to individual cells that have not established cellcell contacts.
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